Modern digital seismology - instrumentation, and small amplitude studues in the engineering world by Clinton, John Francis
Modern Digital Seismology — Instrumentation, and Small
Amplitude Studies in the Engineering World
Thesis by
John F. Clinton
In Partial Fulfillment of the Requirements
for the Degree of
Doctor of Philosophy
CA
LI
F
O
R
N
IA
 IN
S T
IT U T E O F T E C
H
N
O
LO
G
Y
California Institute of Technology
Pasadena, California
2004
(Submitted May 24, 2004)
ii
c© 2004
John F. Clinton
All Rights Reserved
iii
Acknowledgements
I would like to thank my advisor, Tom Heaton. Throughout my time at Caltech, he was con-
tinuously jovial, and gave me great encouragement. He has always been overly generous
with his time, and I have learnt much from our frequent discussions.
I would like to acknowledge Jascha Polet and David Johnson from SeismoLab, who
taught me a lot about the hardware and software issues, helped set up countless experi-
ments, and were always helpful with data analysis and recovery. I also would like to thank
Arnie Acosta and Erdal Safak for their help with obtaining data from the USGS array at
Millikan Library. Mr. Isamu Yokoi from Tokyo-Sokushin was also extremenly helpful with
all issues that arose with the VSE sensors. I would like to thank IRIS for purchasing the
VSE-355G2 sensor.
The faculty and students of Civil Engineering also provided great support. In particular
Brad Aagaard for the brains, Andy for the sharing the misery at 2am all first and second
years long, Swami, Javier and Case for the laughs. And especially Case for the extensive
proof-reading.
My mother-in-law, Maria Cua, helped out with minding Peete, letting us get some work
done.
My parents, Peter and Margaret, so far away for these past years, have yet managed to
share much of my Caltech experience, and helped me make it to the end.
But after everyone has gone home, Peete and Georgie were always there, and allowed
me to too often not go home myself. Thanks for your patience and love. For what its worth,
this is for both of you.
iv
Abstract
The recording of ground motions is a fundamental part of both seismology and earthquake
engineering. The current state-of-the-art 24-bit continuously recording seismic station is
described, with particular attention to the frequency range and dynamic range of the seismic
sensors typically installed. An alternative method of recording the strong-motions would be
to deploy a velocity sensor rather than an accelerometer. This instrument has the required
ability to measure the strongest earth motions, with enhanced long period sensitivity.
An existing strong motion velocity sensor from Japan was tested for potential use in US
seismic networks. It was found to be incapable of recording strong motions typically ob-
served in the near field of even moderate earthquakes. The instrument was widely deployed
near the M8.3 Sept 2003 Tokachi-Oki earthquake. The dataset corroborated our laboratory
observations of low velocity saturations. The dataset also served to show all inertial sen-
sors are equally sensitive to tilting, which is widespread in large earthquakes. High-rate
GPS data is also recorded during the event. Co-locating high-rate GPS with strong mo-
tion sensors is suggested to be currently the optimal method by which the complete and
unambiguous deformation field at a station can be recorded.
A new application of the modern seismic station is to locate them inside structures. A
test station on the 9th floor of Millikan Library is analysed. The continuous data-stream
facilitates analysis of the building response to ambient weather, forced vibration tests, and
small earthquakes that have occurred during its lifetime. The structure’s natural frequencies
are shown to be sensitive not only to earthquake excitation, but rainfall, temperature and
wind. This has important implications on structural health monitoring, which assumes the
natural frequencies of a structure do not vary significantly unless there is structural damage.
Moderate to small earthquakes are now regularly recorded by dense, high dynamic
range networks. This enhanced recording of the earthquake and its aftershock sequences
makes possible the development of a Green’s Function deconvolution approach for deter-
mining rupture parameters.
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